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 In the present study, biomass feedstocks were used for the production of 2-pyrone 
4,6-dicarboxylic acid (PDC). PDC producing recombinant Escherichia coli (E. coli) 
(namely “original strain”) and original strain with minor modification (namely “modified 
strain”) were applied as the fermentation microorganisms.  
 We investigated the possibility of glycerol (by-product of biodiesel) as the 
fermentative substrate for PDC production. For this purpose, the enzymatic glycerol and the 
alkali glycerol were used. The purity of enzymatic glycerol was 82.3 wt. % and that of alkali 
glycerol was 56.5 wt. %. When original strain was used for fermentation process, the yield 
of PDC (mol. %) in enzymatic medium was 4.9 % (1.9 g/L) and for the case of alkali 
medium, PDC yield was 4.1 % (1.6 g/L). The yield of PDC was not significantly difference 
for each glycerol medium, when modified strain was used for fermentation process. 
 PDC production process using bagasse hydrolysate as fermentative substrate was 
also studied. Bagasse was pretreated by ionic liquid (choline acetate) and hydrolyzed with 
cellulase. Yeast extract was used as the additional nutrient to examine its effect on bagasse 
hydrolysate. When original strain was used for fermentation process, PDC yield of bagasse 
hydrolysate with yeast medium was 30.9 % (5.9 g/L) and 19.7 % (2.7 g/L) was obtained 
from bagasse hydrolysate without yeast extract medium. When modified strain was used for 
fermentation process, the yield of PDC was increased to 38.1 % (5.4 g/L) for bagasse 
hydrolysate with yeast extract medium and 31.7 % (4.8 g/L) for bagasse hydrolysate without 
yeast extract medium. 
 We also evaluated the possibility of algae hydrolysate as fermentation substrate for 
PDC production. For the case of algae hydrolysate, the effect of additional nutrient was 
evaluated, and fermentation was conducted by original strain. When the non-diluted algae 
hydrolysate containing 16 g/L glucose without additional nutrient was used as the 
fermentative substrate, no substantial cell growth was confirmed and PDC production was 
only 0.01 g/L. For algae hydrolysate medium containing 2, 5 and 10 g/L glucose without 
additional nutrient, the yields of PDC were 10.8 % (0.17 g/L), 12.4 % (0.71 g/L), and 16.1 
% (1.22 g/L), respectively. The present study successfully extends PDC production process 




Fermentative Production Process of 2-pyrone-4,6-dicarboxylic Acid 
from Different Biomass Feedstocks 
Introduction  
 The utilization of bioresources in place of non-renewable resources is of great 
interest in the field of industrial polymer production. Like petroleum feedstock, biomass 
feedstock has a complex composition and needs treatment for conversion into various 
products. Thermal stability of biomass is lower than petroleum, but it has higher 
functionality. The development of genetic and metabolic engineering supports to access the 
potential industrially biosynthesized of chemical building blocks such as succinic, itaconic, 
and glutamic acids in recombinant organisms. Petrochemical cannot be used as raw material 
to produce some building blocks such as lactic acid and 2-pyrone 4,6-dicarboxylic acid 
(PDC). PDC is a dicarboxylic acid with a polar pseudo-aromatic ring with molecular weight 
of 184.1and as a monomer, has the possibility of producing high-performance polymers. 
Recently, microbial production of PDC from glucose was achieved by recombinant E. coli. 
 However, it is still needing to use actual biomass feedstocks for PDC production. In 
the present study, the by-products from 1st generation biomass and 2nd generation biomass, 
and furthermore, 3rd generation were used as raw materials for PDC production by 
recombinant E. coli. The present study aims to extend the process for 2-pyrone 4,6-
dicarboxylic acid (PDC) production by using biomass feedstocks. The outline of the study 
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Experimental 
 By-product glycerol from transesterification process of triglyceride and methanol in 
the presence of enzyme or alkali was used as the fermentative substrate. Fermentation was 



















 By-product bagasse from sugar production was pretreated with choline acetate and 
hydrolyzed by cellulase. The obtained bagasse hydrolysate was used as the fermentative 
substrate and the effect of additional nutrient (yeast extract) was evaluated. Pure sugar 
mixture was used as the control medium. Fermentation was conducted by original and 
modified strain and experimental conditions are presented in Scheme 3. 
 The plant biomass, microalgae, was cultivated and starch-accumulated. Then, acid-
hydrolyzed using H2SO4. The obtained algae hydrolysate was used as the fermentative 
substrate and the effect of additional nutrient (tryptone and yeast extract) was evaluated. 
Pure glucose was used as the control medium. To obtain high PDC concentration, the 
possibility of algae hydrolysate containing various initial glucose with no additional nutrient 
Medium composition
Basal medium : M-9 medium
Nutrient           : Yeast extract
Substrate        : Enzymatic glycerol or Alkali glycerol
Inoculation
initial OD600 = 0.1 Abs
0 h 48 h
Pre-culture, 37 ℃




E. coli strain Original strain  or  Modified strainParameter①
Parameter②
Analysis
√ Substrate conc.  
(glycerol)
√ Cell conc. 
√ PDC conc. 
Sampling
Scheme 2  Experimental conditions for fermentation of glycerol 
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was examined. Fermentation was conducted by original strain. The experimental conditions 


































√ Substrate conc.  
(glucose & xylose)
√ Cell conc. 
√ PDC conc. 
Medium composition
Basal medium : M-9 medium
Substrate        : Pure sugar mixture or Bagasse hydrolysate
Nutrient           : Without yeast extract or  With yeast extract
Inoculation
initial OD600 = 0.1 Abs
0 h 72 h
Pre-culture, 37 ℃








Scheme 3  Experimental conditions for fermentation of bagasse hydrolysate  




















Results and Discussion 
 The purity of enzymatic glycerol was 82.3 wt. % and that of alkali glycerol was 56.5 
wt. %. When original strain was used for fermentation process, the yield of PDC (mol. %) 
in enzymatic glycerol medium was 4.9 % (1.9 g/L) and for the case of alkali glycerol 
medium, PDC yield was 4.1 % (1.6 g/L) (see in Fig.1 A). The yield of PDC was not 
significantly difference for each glycerol medium, when modified strain was used for 
fermentation process (see in Fig.1 B). The yield of PDC obtained by original strain 
and modified strain were comparable. It showed that PTS deleting for saving more PEP 
molecules did not effect for glycerol substrate. It is because glycerol assimilation does not 
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 As shown in Fig.2 A, when original strain was used for fermentation process, PDC 
yield of bagasse hydrolysate with yeast medium was 30.9 % (5.9 g/L) and 19.7 % (2.7 g/L) 
was obtained from bagasse hydrolysate without yeast extract medium. When modified strain 
was used for fermentation process, the yield of PDC was increased to 38.1 % (5.4 g/L) for 
bagasse hydrolysate with yeast extract medium and 31.7 % (4.8 g/L) from bagasse 
hydrolysate without yeast extract medium (see in Fig.2 B). These results showed that 
bagasse hydrolysate without any additional nutrient could be applied as a fermentation 
medium. It was supposed that amino acid and nucleic acid from the decomposition of 
cellulose or hemicellulose could support as carbon and nitrogen sources for cell growth and 
PDC production. Furthermore, the results showed that PTS deleting in E. coli for saving 
more PEP molecules for PDC production has significant effect for bagasse hydrolysate 



































































Fig. 1  Time courses of PDC concentration during fermentation using enzymatic and 

















 In the case of the pure glucose medium supplemented with yeast extract, the PDC 
concentration reached 0.19 g/L (8.6 mol. %) at 24 h (see in Fig.3). On the other hand, for 
algae hydrolysate medium supplemented with yeast extract, the PDC concentration reached 















































Fig. 3  Time courses of PDC concentration during fermentation  











































With yeast extract 


























Fig. 2  Time courses of PDC concentration during fermentation using bagasse 
hydrolysate media (A) original strain and (B) modified strain  
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 When the additional nutrient was reduced by 1/2, 1/4, 1/8, and until no additional 
nutrient, PDC concentration reached to 0.3 g/L for nutrient 1/2 and 1/4 and 0.23 g/L and 
0.17 g/L for nutrient 1/8 and no additional nutrient. The PDC yields (mol. %) for nutrient 
1/2 and no additional nutrient were 16 % and 10.7 %, respectively. The results are illustrated 
in Fig. 4. These results indicate that the algae hydrolysate alone could be used as 
fermentation medium even without addition of nutrient. It is considered that the algae 
hydrolysate medium alone is considered to contain substantial nutrients of carbon and 
























 The microbial fermentation was carried out without additional nutrient using the 
non-diluted original algae hydrolysate which contained 16 g/L glucose, diluted algae 





































Fig. 4  Time courses of PDC concentration during fermentation  
 using algae hydrolysate media with different amount of 
additional nutrient  
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hydrolysate, PDC production was only 0.01 g/L. For algae hydrolysate medium containing 
2, 5 and 10 g/L glucose without additional nutrient, the yields of PDC were 10.8 % (0.17 
























 In the present study, we investigated the possibility of different biomass feedstocks 
for the production of bio-based plastic monomer (PDC). Using algae hydrolysate for the 
fermentation process, it did not need to use additional nutrient and even basal medium. 
Therefore, among three different feedstocks, microalgae have the highest potential to use as 
the effective fermentation substrate and economically viable process for PDC production by 
recombinant E. coli. 
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Fig. 5  Time courses of PDC concentration during fermentation  
 using algae hydrolysate media containing different initial 
glucose concentration, with no additional nutrient  

